Background The risk of gastric carcinoma (GC) varies around the world and between females and males. We aimed to compare the risk of GC among immigrants to Ontario, Canada, to the risk of GC in its general population. Methods This was a retrospective population-based matched cohort study from 1991 to 2014. We identified immigrants who were first eligible for the Ontario Health Insurance Plan at age 40 years or older, and matched 5 controls by year of birth and sex. We calculated crude rates and relative rates of GC stratified by sex. We modeled GC hazard using multivariable Cox proportional hazards regression, where a time-varying coefficient was incorporated to examine changes in the association of immigrant status with GC hazard over time. Results Among females, 415 GC cases were identified among 209,843 immigrants and 1872 among 1,049,215 controls. Among males, 596 GC cases were identified among 191,792 immigrants and 2998 among 958,960 controls. Comparing immigrants from East Asia and Pacific with the controls, the crude relative rate of GC was 1.54 for females and 1.32 for males. The adjusted hazard ratio (HR) for GC among female immigrants was 1.29 [95% confidence interval (CI) 1.12, 1.48] within 10 years and 1.19 (1.01, 1.40) beyond 10 years; for males, the HR was 1.17 (1.04, 1.31) within 10 years and 1.00 (0.87, 1.15) beyond 10 years. Conclusion The risk of GC among immigrants is elevated. Although high-risk immigrant populations in Ontario have been identified, further knowledge is required before a program of GC prevention that is targeted to them can be planned.
Introduction
The incidence of gastric carcinoma (GC) varies between males and females [1, 2] , among individual nations and regions of the world [3, 4] , and is associated with infectious [5] [6] [7] , environmental [8, 9] , and genetic [10, 11] factors.
The incidence of GC in Canada and the United States of America has been declining for many years [12, 13] , and is now lower than in many other countries, including the countries of origin of many of the immigrants arriving in Canada. The worldwide age-standardized rate per 100,000 persons for Canada in 2012 was estimated at 4.9, compared to 41.8 for Korea, 22.7 for China, 16 .0 for Russia, 15.2 for Iran, and 8.4 for Poland [14] . This range of GC incidence parallels the range of estimates of the prevalence of infection by Helicobacter pylori (H. pylori): Canada 38.0%
[95% confidence interval (CI) 32.6-43.3%), Korea 54.0% (50.1-57.8%), China 55.8% (51.8-59.9%), Russia 78.5% (67.1-89.9%), Iran 59.0% (51.5-66.5%), and Poland 66.6% (56.4-76.7%) [6] .
Prevalence surveys among migrants from countries with a high prevalence of H. pylori to countries with a lower prevalence have generally found the prevalence of infection to be similar to, or higher than, the prevalence in the country of origin [15] . Changes in the risk of GC among immigrants have been observed over time; for example, the declining risk of GC and mortality due to it among Japanese immigrants to the United States of America, and the further decline in risk among their offspring [16, 17] . These risk reductions are consistent with a decreasing prevalence of infection and other environmental factors [18] .
GC is considered to be a cancer that is potentially preventable by H. pylori eradication, and the mortality associated with it is potentially reducible by the early detection of precursor lesions or early-stage carcinoma [19, 20] . There is strong evidence that H. pylori infection can be eradicated by drug therapy [21] , and modest evidence that this will reduce the occurrence of GC [22, 23] . There is no evidence from randomized control trials that endoscopic screening programs will reduce death from GC, but there are case-control studies supporting the hypothesis of such a benefit [24] . There are no programs to detect H. pylori, GC precursors, or early-stage GC by any method in Ontario, Canada. To our knowledge, this is the first population-wide matched cohort study conducted at the individual level that assesses the burden of GC among recent immigrants to Ontario compared with similar non-immigrant individuals from the general population, and examines whether the GC risk changes over time since arrival, stratified by the world region of birth and country of birth of the immigrants. If certain high-risk immigrant populations can be identified in Ontario, this will serve as one of the first steps in the processs of planning a provincial program of GC prevention that targets these populations.
Methods

Study population and outcome definition
This was a retrospective matched cohort study conducted in Ontario, Canada, in which immigrants (the exposed group) were matched to nonimmigrants (the control group) and then followed over time to examine the hazard of gastric cancer. Individuals were identified as immigrants if there was a Date of Landing record in the Immigration, Refugees and Citizenship Canada Permanent Resident Database (IRCC) between July 1st 1991 and June 30th 2008 [25] . The index date for each immigrant was defined as the date of first eligibility for the Ontario Health Insurance Plan (OHIP), which is the universal health care insurance program that is essentially available to all Ontario residents. Immigrants had to be 40 years or older at the time of index to be included in the study, as determined based on the Registered Persons Database (RPDB). From the IRCC, we extracted the country of birth for every immigrant, and categorized country of birth according to a modified classification of selected World Bank regions (East Asia and Pacific; Europe and Central Asia; Latin America and Caribbean; Middle East and North Africa; South Asia; Sub-Saharan Africa) [26] [27] [28] .
Each immigrant was matched to 5 controls using the RPDB. Controls had to be alive on the corresponding immigrant's index date, and by definition there could be no record of them in the IRCC database. Controls were also matched to immigrants based on calendar year of birth and sex. The index date for each control was assigned as the corresponding immigrant's index date. Time to gastric cancer (from index) was identified from the Ontario Cancer Registry (OCR). Individuals were followed to the date of diagnosis of gastric cancer, the date of last contact, death, or December 31, 2014 (whichever came first). It should be noted that since we wanted to follow each immigrant starting from their first date of OHIP eligibility, it was not possible to determine whether the immigrant had a prior gastric cancer diagnosis, as there were no medical records to look back on. As a result, and for consistency, a look-back period was not administered to determine whether the controls had a prior gastric cancer diagnosis. This study was approved by the Sunnybrook Health Sciences Centre Research Ethics Board. Datasets were linked using unique encoded identifiers and analyzed at the Institute for Clinical Evaluative Sciences (ICES).
Statistical analyses
All analyses were stratified by sex. Descriptive analyses were conducted by comparing the distribution of baseline characteristics among immigrants and matched nonimmigrant controls. In preliminary analyses, we computed the crude relative rates of gastric cancer among immigrants against corresponding matched controls. The crude relative rate was calculated by dividing the crude gastric cancer rate (per 100,000 person-years of follow-up) among immigrants by the crude gastric cancer rate (per 100,000 person-years of follow-up) among nonimmigrants. This was done overall, and stratified by age group, world region, and country of birth.
We conducted an individual-level analysis using a multivariable Cox regression model to examine the association between immigrant status (main binary exposure) and the gastric cancer hazard (outcome). The model adjusted for age at index, and a robust sandwich variance estimation approach was used to account for the matched design. Note that although matching was based on age and sex, since this was a form of exposure-control matching versus case-control matching, we were able to include age as a covariate in the model. Log-log plots were used to assess if the hazard functions were proportional [29] . As it was possible for the association between immigrant status and the hazard of gastric cancer to change over time, a time-varying coefficient for immigrant status was incorporated into the regression model [30] . This was done by adding an interaction term between immigrant status (immigrant or nonimmigrant) and time, where time was categorized into two intervals: before and after 10 years post index [31] . Doing this allowed us to determine if the association between immigrant status and the gastric cancer hazard changed once the immigrants had lived in Ontario over 10 years. All regression models were re-run stratified by world region of birth. As the risk of GC may vary among countries within the same world region, all regression models were also re-run stratified by country of birth. Analyses were conducted with SAS version 9.3 (SAS Institute, Inc., Cary, NC, USA) and R version 3.2.3 [32] . All statistical tests were two-sided, and p values of less than 0.05 were considered statistically significant.
Results
All results are presented stratified by sex. A total of 1,259,058 females and 1,150,752 males were included in the study. Among females, there were 209,843 immigrants and 1,049,215 matched nonimmigrant controls; among males, there were 191,792 immigrants and 958,960 matched nonimmigrant controls. A description of the baseline characteristics among immigrants and controls can be found in Table 1 . Table 2 presents the crude rates of gastric cancer (per 100,000 person-years) for female immigrants and matched female nonimmigrant controls, overall and stratified by age group, world region, and country of birth. Table 3 provides the same information for male immigrants and matched male Tables 2 and 3 , majority of the female and male immigrants originated from the World Bank regions of East Asia and Pacific, South Asia, and Europe and Central Asia. Among females overall, the crude rate of gastric cancer was 22% higher among immigrants compared to controls, whereas the crude rate of gastric cancer was 9% higher among male immigrants compared to controls. The highest crude relative rates were seen in both women and men from the World Bank regions of East Asia and Pacific and Europe and Central Asia (compared to their corresponding matched controls). On the other hand, the crude rate of gastric cancer was far lower in both male and female immigrants from India than in their matched controls.
The median age at diagnosis was similar for female immigrants and nonimmigrants, and for male immigrants and nonimmigrants; the median age across these groups ranged from 68.30 to 70.77 years of age. Among female immigrants and nonimmigrants who had been diagnosed with gastric cancer, 13 and 19.5% had cancer of the cardia, respectively. Among male immigrants and nonimmigrants who had been diagnosed with gastric cancer, 19.5 and 38% had cancer of the cardia, respectively. Among individuals other than male nonimmigrants, a diagnosis of stomach cancer was most common (data not shown).
Results from multivariable Cox regression models, both without and with a time-varying coefficient, are presented in Table 4 . Among females, immigrants had a 24% higher gastric cancer hazard compared with matched controls (adjusted HR = 1.24, 95% CI 1.12-1.38), and this increased hazard was statistically significant. After breaking down this association further using a time-varying coefficient, we found that the gastric cancer hazard was 29% higher among immigrants (adjusted HR = 1.29, 95% CI 1.12-1.48) during the initial 10 years from index. After this point, the gastric cancer hazard was 19% higher among immigrants but still statistically significant (adjusted HR = 1.19, 95% CI 1.01-1.40). The findings were different for males. During the initial 10 years from index, male immigrants had a 17% higher gastric cancer hazard compared with their matched male nonimmigrant controls (adjusted HR = 1.17, 95% CI 1.04-1.31), but after this point, the gastric cancer hazard among immigrants was no different from that among the controls (adjusted HR = 1.00, 95% CI 0.87-1.15). There were also strong associations and trends between age at index and gastric cancer hazard. The hazard was significantly higher for older patients, and this trend was consistent among both females and males.
We re-ran all multivariable regression models stratified by world region of birth. Figure 1a provides the forest plot of the adjusted hazard ratios for gastric cancer (comparing immigrants against controls) among females before and after the 10-year mark, overall and stratified by world region of birth. The same information for males is presented in Fig. 1b . As shown in Fig. 1a , female immigrants from the East Asia and Pacific world region and the Europe and Central Asia world region had significantly higher risks of gastric cancer compared to their matched female nonimmigrant controls. This risk was significantly higher both before and after the 10-year mark. The same pattern was seen among male immigrants from the Europe and Central Asia world region, as shown in Fig. 1b . However, among male immigrants from the East Asia and Pacific world region, the risk of gastric cancer was only higher during the first 10 years from index, after which the risk of gastric cancer was no longer significantly different between these immigrants and controls. On the other hand, among male immigrants from the South Asia world region, the gastric cancer hazard was significantly lower than that for their matched nonimmigrant controls, and this protective association remained consistent over time-both before and after the 10-year mark.
After re-running the multivariable regression models stratified by country of birth (data not shown), we found variation in the risk of GC among countries from the same Table 4 Results from examining the association between immigrant status and gastric cancer hazard using a Cox regression model with a timevarying coefficient and adjusting for age Note that a bold hazard ratio indicates a significant association (p value < 0.05), which can also be seen by the fact that the corresponding 95% confidence interval does not contain 1.0 
Discussion
In Ontario, Canada, among immigrants arriving at the age of 40 years or older, the risk of GC is higher than that among sex-and age-matched controls. This risk increases with advancing age at immigration and persists even 10 years after immigration among females. The level of risk among immigrants relative to controls varies depending on the world region of birth, and also varies among countries within the same world region. This study is important, as it observed 1011 cases of GC among 401,635 immigrants with over 4.7 million person-years of follow-up, and included the application of time-to-event methods of analysis and the stratification of GC risk among immigrants from world regions and countries of birth with varying prevalences of H. pylori. A prior study of the risk of cancer among immigrants to Canada arriving between 1980 and 1990 had significant weaknesses, including fewer immigrants than this study despite it covering the entire nation. In that study, 90.8% of immigrants were ≤ 44 years of age on arrival in Canada, and only 239 cases of GC were observed, so the risk could not be analyzed by world region or country of birth [33] .
This study was limited in that only matching on calendar year of birth and sex was performed due to a lack of data on comorbidity and past medical history among the immigrants as well as a lack of valid information on their socioeconomic status prior to arrival. No direct evidence was available about the prevalence of H. pylori by age among the immigrants and controls or among the immigrants by region or country of birth. With respect to the outcome of gastric cancer, information on stage was not available in the administrative databases. We could not explore the risk of GC more than two decades after arrival because of the time periods included in the available data sources. We cannot assume that the cumulative risk of GC among immigrants arriving at ages younger than 40 years will reach levels similar to those observed in this study as they age; likewise, we cannot assume that immigrants arriving after 2009 will have similar risks.
It is unclear if the strong evidence for the effectiveness of combined antibiotic and proton pump inhibitor therapy in achieving H. pylori eradication, the moderate evidence for its ability to prevent GC, or the moderate evidence that endoscopic screening reduces GC mortality can be applied in interventions offered to asymptomatic immigrants in Ontario from high-risk regions and countries of birth. Although Japan and Korea have adopted such programs, a consensus to act on the evidence has not developed elsewhere, for a variety of reasons [34] . Testing for H. pylori, and its eradication by drug therapy, would have to be offered at younger ages (prior to irreversible changes in the gastric mucosa along the carcinogenic pathway) [35] than are appropriate for endoscopic screening, and would require valid confirmation of eradication for each treated individual, as well as surveillance of the relative sensitivity of H. pylori to particular antibiotics among high-risk immigrant populations in Ontario. Economic evaluations in other jurisdictions have described acceptable cost-effectiveness for H. pylori eradication but with variable conclusions regarding endoscopic screening for the early detection and treatment of GC precursors and GC [35] [36] [37] [38] . Canadian economic evaluations have generally been limited to the detection and treatment of H. pylori in the context of dyspepsia rather than as cancer prevention strategy [39] [40] [41] , with only one exception [42] , which found that the incremental cost-effectiveness ratio for H. pylori eradication to prevent GC varied between $30,000 and $50,000 (CAD), depending on the method used for H. pylori detection. Further epidemiological and economic investigations would be required for a gastric cancer prevention program among high-risk immigrant groups in Ontario to become public policy.
Conclusion
GC risk is higher among immigrants in Ontario than among nonimmigrant controls, and varies with age at arrival as well as region and country of birth. High-risk immigrant populations in Ontario have been identified, but further knowledge is required before a program of gastric cancer prevention targeted to them can be planned. Fig. 1 a Forest plot of adjusted hazard ratios for gastric cancer (comparing immigrants with controls) among females before and after the 10-year mark, overall and stratified by world region of birth. Note that a bold hazard ratio indicates a significant association (p value < 0.05), which can also be seen by the fact that the corresponding 95% confidence interval does not contain 1.0. b Forest plot of adjusted hazard ratios for gastric cancer (comparing immigrants with controls) among males before and after the 10-year mark, overall and stratified by world region of birth. Note that a bold hazard ratio indicates a significant association (p value < 0.05), which can also be seen by the fact that the corresponding 95% confidence interval does not contain 1.0 ◂
